Aims-To study ulcerative colitis associated neutrophil cytoplasmic antibodies (p-ANCA) in respect of class and subclass distribution, antigen specificity, and (sub)cellular localisation of the antigen(s) to which these antibodies are directed. Methods-p-ANCA positivity was determined using the standard indirect immunofluorescence test (IFF). The immunoglobulin (Ig) subclass distribution of p-ANCA was investigated using monoclonal antibodies directed against IgGi, IgG2, IgG3, and IgG4. Intracellular antigen localisation studies were performed on (fractionated) neutrophils using antigen-specific antibodies.
Abstract
Aims-To study ulcerative colitis associated neutrophil cytoplasmic antibodies (p-ANCA) in respect of class and subclass distribution, antigen specificity, and (sub)cellular localisation of the antigen(s) to which these antibodies are directed. Methods-p-ANCA positivity was determined using the standard indirect immunofluorescence test (IFF). The immunoglobulin (Ig) subclass distribution of p-ANCA was investigated using monoclonal antibodies directed against IgGi, IgG2, IgG3, and IgG4. Intracellular antigen localisation studies were performed on (fractionated) neutrophils using antigen-specific antibodies. Results-In contrast to vasculitis associated ANCA, ulcerative colitis p-ANCA are mainly of IgGi and IgG3 subclass and lack IgG4. Ulcerative colitis p-ANCA are myeloid specific. IIFT data indicate that the related antigen(s) seem(s) to be located not in the cytosol, but in the granules (most likely the azurophil granules) of the neutrophil. Conclusions-p-ANCA in ulcerative colitis have a different immunoglobulin subclass distribution than the ANCA of systemic necrotising vasculitis and necrotising and crescentic glomerulonephritis. This may point to differences in immune regulation between these diseases. Both cathepsin G and lactoferrin are recognised by a subpopulation of ulcerative colitis p-ANCA. In our series, eight out of 36 (22%) of ulcerative colitis associated p-ANCA react with lactoferrin and seven (19-5%) other sera with cathepsin G. None of them recognised both antigens. The main target antigen(s) of ulcerative colitis p-ANCA still remain(s) to be identified. ( Clin Pathol 1994; 47:257-262) Anti-neutrophil cytoplasmic antibodies (ANCA) have proved their value in the diagnosis of vasculitic disorders, such as Wegener's granulomatosis, systemic necrotising vasculitis, and necrotising crescentic glomerulonephritis.' In these diseases the ANCA titre correlates with disease activity. Exacerbations are preceded by a rise in the ANCA titre in the patient's serum, so these antibodies may have a pathogenetic role. [1] [2] [3] The related antigens have been identified as enzymes located in the granules of neutrophils. C-ANCA in Wegener's granulomatosis are directed against proteinase 3. p-ANCA in systemic necrotising vasculitis and necrotising crescentic glomerulonephritis are mainly directed against myeloperoxidase and rarely against neutrophil elastase.49
In 1983 Nielsen et al described (peri-) nuclear staining of neutrophils fixed in ethanol in the sera of patients with ulcerative colitis, using a fixed cell indirect immunofluorescence technique (IIFT). This pattern was similar to that of granulocyte specific antinuclear antibodies (GS-ANA) found in the sera of patients with rheumatoid arthritis. It has been reported in several studies that these antibodies are present in the sera of 25% of patients with ulcerative colitis and only in 3% of those with Crohn's disease.'01' Saxon et al reported similar perinuclear staining of neutrophils, now called p-ANCA, in the sera from patients with inflammatory bowel disease. In their study 68% (n = 25) of the ulcerative colitis sera and 12% (n = 25) of the Crohn's disease sera reacted positively in the IIFf. 12 We recently screened 317 sera from patients with inflammatory bowel disease and 49 control sera using the IIT; 79% of the ulcerative colitis sera, 13% of the Crohn's disease sera, and 9% of the control sera showed a positive reaction with neutrophilic granulocytes. p-ANCA titres were not correlated in ulcerative colitis or in Crohn's disease with disease activity, duration of illness, localisation, extent of disease, previous bowel operations or medical treatment. The clinical importance of p-ANCA positive and negative subsets in both groups of patients thus remains unexplained.'3 To obtain a better insight into the background and importance of this autoimmune phenomenon in ulcerative colitis, we therefore investigated the size, class and the subclass distribution of ulcerative colitis related p-ANCA immunoglobulins as well as the subcellular localisation of the antigen(s) to which these antibodies are directed.
Methods
Sera from 36 patients with ulcerative colitis, positive for IgG p-ANCA staining in the IIFT on ethanol-fixed granulocytes, were selected for further study. The presence of antinuclear antibodies in the sera was excluded in a routine assay using rat liver as a substrate. Ulcerative colitis was diagnosed on the basis of clinical, radiological, histological, and endoscopic evidence. ' eight-well Nutacon slides (Nutacon, Schiphol, The Netherlands) and fixed in 96% ethanol for 15 minutes (at 4°C). Thereafter, the slides were incubated with serum diluted 1 in 16 in 4% BSA-PBS for 1 hour, followed by washing in PBS. Bound antibodies were detected by fluorescein isothiocyanate (FITC)-labelled F(ab')2 fragments of rabbit anti-human IgG. The slides were examined by fluorescence microscopy. In some experiments the smears were fixed with phosphate buffered formalin and acetone solution, pH 6-8, containing 9-25% (v/v) formalin and 45% (v/v) acetone for 2 seconds at 40C. The immunoglobulin subclass distribution of p-ANCA in ulcerative colitis was investigated using monoclonal antibodies directed against IgGl, IgG2, IgG3, and IgG4, followed by FITC-conjugated goat anti-mouse immunoglobulin. For the detection of IgM and IgA binding, FITC-labelled F(ab')2 fragments of rabbit anti-human IgM or IgA were used. The optimal dilutions were determined by titration on positive and negative control sera.
To examine the reactivity of sera with the plasma membrane, granulocytes were fixed in suspension with 1% paraformaldehyde for 5 minutes (at 4°C). Bound IgG subclass anti-myeloperoxidase ANCA (n = 10) bound to cathepsin G in a capture ELISA using granule extract from chronic myeloid leukaemia cells (fig 3) . Three of these seven sera showed only marginally increased binding.
SUBCELLULAR LOCALISATION OF p-ANCA ASSOCIATED ANTIGEN(S)
Using immunofluorescence on paraformaldehyde-fixed neutrophils in suspension (IIFT), none of the ulcerative colitis p-ANCA sera reacted positively with the granulocyte plasma membrane. Using IIFT on cytospins as well as a solid phase ELISA, none of 10 ulcerative colitis p-ANCA sera tested reacted with the cytoplasts of neutrophils, but all 10 sera reacted positively with the karyoplast fraction of the same cells. Therefore, the antigens recognised by ulcerative colitis p-ANCA do not seem to be located in the cytosol or plasma membrane, but in cellular structures with higher sedimentation rates-the granules, for example.
In additional experiments using solid-phase ELISAs 11 out of 36 ulcerative colitis p-ANCA sera reacted with a crude preparation of (N2-cavitated) neutrophil granule protein extract from which the nuclei and cytosol had been removed by differential centrifugation. The same 11 sera reacted positively with a comparable preparation extracted from CML cells. Five other sera reacted positively only with the CML preparation but not with that from mature neutrophils. Reactivity with the various preparations in these ELISAs was not related to the titre of the sera in the IIFT.
Western blotting and radioimmunoprecipitation did not identify bands specifically recognised by ulcerative colitis p-ANCA sera (data not shown). 
Discussion
We investigated the nature of the neutrophil reactive immunoglobulin(s) in ulcerative colitis sera that produce p-ANCA staining in the IIFT on ethanol fixed neutrophil slides. p-ANCA in ulcerative colitis sera, like many other autoantibody sera, are mainly IgG class antibodies of the IgGl and the IgG3 subclass and lack IgG4 antibodies. In this respect, however, they differ from the vasculitis associated ANCAs which have relatively high IgG4 titres. This suggests that there may be differences in the regulation of the autoimmune response in ulcerative colitis compared with the vasculitides.2223
Like systemic necrotising vasculitis and necrotising and crescentic glomerulonephritis associated ANCAs, p-ANCA in ulcerative colitis seem to be myeloid specific.' In the IIFT ulcerative colitis p-ANCA reacted with both neutrophils and monocytes, although generally only a minority of monocytes became positive (table) . This differential reactivity with monocyte(-subpopulation)s might be related to differences in antigen contents between immature and mature monocytes. 24 The fact that, in contrast to our observations, Duerr et al Although we found smaller percentages of positive sera, the results of our study confirm both antigen specificities. In eight out of 36 p-ANCA positive ulcerative colitis sera we detected antibodies against lactoferrin; seven other sera contained antibodies against cathepsin G. The remaining 21 ulcerative colitis p-ANCA sera failed to show such reactivity. Efforts to characterise other antigens involved in ulcerative colitis p-ANCA reactivity, by Percoll density gradient centrifugation and immunoprecipitation, which have been successfully used in the identification of the target antigens of systemic necrotising vasculitis and necrotising and crescentic glomerulonephritis ANCA,5 have thus far not revealed their identity. Theoretically, this might also relate to the possibility of p-ANCA staining being produced by adherence of "sticky" immune complexes or aggregates rather than by antigen specific immunoglobulin binding. Therefore, size distribution of ulcerative colitis p-ANCA reactivity was studied using ulcerative colitis p-ANCA serum lacking IgM or IgA class p-ANCA after isokinetic sucrose gradient centrifugation.? p-ANCA reactivity was found within the monomeric IgG peak (not shown). In addition, gel filtration at acid pH (performed by Wiik et al to dissociate immune complexes in GS-ANA sera from patients with rheumatoid arthritis20) did not reveal p-ANCA reactivity in immune complexes (not shown). Together with the generally weak and variable reactivity of the ulcerative colitis p-ANCA sera in the various assays used, this might suggest that ulcerative colitis p-ANCA are monomeric but low affinity antibodies, which may be generated in the course of chronic inflammation. Because production of IgG4 antibodies is related to prolonged antigen specific T cell dependent immune stimulation, the lack of IgG4 in ulcerative colitis p-ANCA would also seem compatible with a relatively low affinity of these antibodies. Our own observation that p-ANCA positivity does not correlate with activity, extent, or duration of ulcerative colitis may seem to argue against chronic inflammation as a factor in the generation of ulcerative colitis p-ANCA. ' 
